Introduction
Adenoid cystic carcinoma(ACC), previously known as cylindroma, arises most often in the major or minor salivary glands, but can originate in the lacrimal gland, skin, breast, ear canal, lung, prostate and uterine cervix [1] . It is the most common malignant epithelial tumor of the lacrimal gland [2] , and the second most common type of carcinoma arising in the salivary glands, following mucoepidermoid carcinoma [3] . Metastasis to lung, bone, liver and brain have been reported [4] . Local extension occurs between tissue planes and along nerves and blood vessels. The tumor often infiltrates and spreads through bone [5] . Perineural spread from the primary site is the most common mode of spread to the brain [6] [7] [8] [9] [10] [11] . Hematogenous spread to the brain, although rare, has also been reported [1, [12] [13] [14] [15] . Intracranial spread is usually ipsilateral to the primary tumor, due to local extension or perineural spread to the cavernous sinus or temporal bone. We present two cases of metastasis of ACC to the ipsi-and contralateral dura without intraparenchymal tumor, suggesting that ACC may have an affinity for the dura.
Case reports

Case 1
A 32-year-old man initially presented with pain in the right maxilla and fullness in the right palate in November, 1979 . A biopsy of the right hard palate demonstrated ACC. In December, 1979 he underwent a right maxillectomy and resection of the tumor. He did well post-operatively for several years without evidence of tumor recurrence, until 1984, when he noticed numbness in the lower right face and tongue. A CT in January 1985 demonstrated increased soft tissue densities in the lateral and superior walls of the right maxillary sinus. In May 1985, he underwent exploration of the right maxillary space and orbit, which revealed recurrent ACC in the right maxillary area. He subsequently received radiotherapy to a total dose of 54 gray. Concomitantly, he experienced worsening right facial numbness and diplopia. A second recurrence was found in August, 1987 upon transoral biopsy of the right pterygopalatine space. He then underwent another course of radiation therapy totalling 45 gray. In March, 1991, CT showed tumor in the left cavernous sinus and sellar region, and a new mass in the lateral right temporal fossa (Figure 1(a) ). He underwent a right temporal craniotomy for resection of the right temporal fossa mass. At surgery, an extensive sessile, dural-based ACC tumor was found extending from the cavernous sinus to the lateral Sylvian fissure. A second dural-based tumor was found extending anteriorly in a sulcus. The tumors did not appear to have originated in the brain or in the cranial bone, but appeared to be within the dura. Histologically, the tumors had a tubular morphology. Microscopically, solitary ducts were lined by predominantly cuboidal epithelium ( Figure 2 ). Their lumens were variably expanded with mucin. They were surrounded by a few spindled cells and vascular fibrous connective tissue with bands of collagen. A partial resection of the tumors was performed, and post-operatively, he received a final, palliative course of radiation therapy consisting of 44 gray and three courses of chemotherapy utilizing Adriamycin, Cytoxan, and cis-platinum. Follow-up MRI in January, 1992 showed progression of the right-sided tumor into the right temporal lobe, associated with meningeal and right frontal lobe enhancement (Figure 1 (b) ). In July 1992, the patient expired.
Case 2
A 29-year-old woman developed drooping of the left eyelid in September 1994. MRI showed a left lacrimal gland mass. An excisional biopsy of the lesion in January, 1995, showed ACC with positive margins. In February, 1995 she underwent a radical resection of the lesion, including a left orbitofrontal craniectomy, orbital exenteration, and orbital reconstruction. At pathologic analysis, ACC was found involving the bone of the orbital roof. Post-operatively, she underwent fractionated radiation therapy, with a total dose of 64.4 gray. Follow-up surveillance MRI scans in 1995 and 1996 showed no evidence of recurrent tumor. In April 1997, she was found to have a nontender, nonmobile lumb over the skull in the right parietal area. MRI showed a multilobular dural-based enhancing mass involving the right parietal subgaleal space, the right parietal area, the right temporal pole, and the right infratemporal region (Figure 3 (a) ).
There was no evidence of left-sided tumor recurrence. Fine needle aspiration of the subgaleal mass confirmed ACC with both cribriform (Figure 4 (a) ) and basaloid ( Figure 4 (b) ) patterns mixed together in a vast array of large and small lobules. The cribriform lumens contained mucin. These lobules were surrounded by vascular fibrous connective tissue with both thick bands of collagen and myxoid foci. In June, 1997 she underwent a right temporoparietal craniectomy and cranioplasty for resection of the tumors. The temporalis muscle and underlying calvarium were found to be infiltrated with tumor. The right parietal tumor had violated the pia and infiltrated the brain; this tumor was carefully dissected away from the brain. Multiple nodules of tumor appeared to be tracking along the dura in the distribution of the middle meningeal artery. The infratemporal tumor had not infiltrated the pia, and it was also dissected away from the temporal lobe. Post-operatively, she underwent another course of radiation therapy to a dose of 54 gray. In September, 1997 she became pancytopenic; a bone marrow biopsy showed extensive infiltration by metastatic ACC and a bone scan showed multiple areas of uptake in the skull, spine, the right humerus, several ribs, the scapulae, and both femurs. A follow-up MRI in February, 1998 showed extensive dural thickening involving the left convexity and tentorium (Figure 3(b) ). The patient expired in May, 1998.
Discussion
Intracranial invasion (intraparenchymal or dural) by ACC occurs in 22% of patients [16] [17] [18] . A review of 53 cases of ACC with intracranial spread demonstrated involvement of the Gasserian ganglion in 35.8%, temporal lobe or middle fossa in 20.7%, cavernous sinus in 15.1%, chiasmal region in 7.5%, cerebellopontine angle in 5.7%, and posterior fossa in 5.7% of cases [6] . In a series of 16 patients with intracranial ACC, Gormley and colleagues found the most common sites of tumor involvement to be the infratemporal fossa (14 patients), cavernous sinus (13 patients), and middle fossa (13 patients) [19] . Intracranial extension of ACC most commonly occurs by spread through the skull base or extension along cranial nerves [6, 9, 11, 12, 16, 21, 22] . It has been postulated that cranial base invasion is along three routes: the eustachian tube (peritubal space), the mandibular and maxillary nerves, and the internal carotid artery [23] . Although the usual sites of hematogenous metastases are lungs (70%), bones, and liver [16, 21, [24] [25] [26] some reports of brain metastasis have been made [1, 3, 15, 24, 27, 28] . Although a case of contralateral spread of adenoid cystic carcinoma with a primary in the parotid gland has been described [1] , such a finding has never been described for a primary tumor arising in the lacrimal gland.
Widespread involvement of the dura was seen in both of our cases. In Case 1, ACC extended from the lateral cavernous sinus dura to the lateral temporal dura and to the dura of the contralateral cavernous sinus. In Case 2, the patient had a multilobular dural-based enhancing mass invading the right parietal bone, subgaleal space, the right parietal lobe, and the area of the right temporal region. The extensive involvement of the dura, and the presence of dural-based metastatic lesions contralateral to the primary lesion, suggests that the ACC has an affinity for the dura. This observation is supported by a previous report of two cases of dural-based ACC mimicking menigioma on CT [20] .
Dissemination of the tumor to the contralateral side of the dura in both cases raises questions about the mode of spread of ACC. The ultimate spread of the tumor in Case 1 to the right temporal dura and the left cavernous sinus from a primary site in the right palate may have occurred via direct extension, hematogenous spread, or both. Upon reaching the right temporal dura, perhaps by direct extension through the base of the skull, the tumor may have extended along the dura to the contralateral cavernous sinus. Alternatively, the tumor may have spread hematogenously via the sphenoparietal sinus, circular sinus, or superior petrosal sinus to the cavernous sinus. In Case 2, hematogenous spread is the most likely route of metastasis to the right temporal and parietal dura from a primary tumor in the left lacrimal gland. A direct venous passage is possible. Tumor cells may have traveled from the primary site in the left orbit to the cavernous sinus via the superior ophthalmic vein. A network of emissary veins, the venous plexus of the foramen ovale, unites the cavernous sinus with the pterygoid plexus. The parietal trunk of the middle meningeal vein, draining the parietal dura, passes through the foramen spinosum into the pterygoid plexus [29] . Retrograde flow of tumor cells may have occurred from the pterygoid plexus to the parietal dura via the parietal trunk of the middle meningeal vein. Alternatively, contralateral spread may have occurred simply because of widespread metastatic disease, demonstrated by extensive bone marrow involvement, combined with an affinity of ACC for the dura.
The mechanism of the affinity of ACC for dura may be related to neural cell adhesion molecules (NCAMs). Gandour-Edwards and colleagues found a strong association between ACC-NCAM expression and perineural spread in patients with ACC infiltration of the skull base [30] . The role of other cell adhesion molecules, and their relationship to ACC and the dura, is an area for future investigation.
